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NONDESTRUCTIVE PROOF LOADING OF
HONEYCOMB PANELS

TECHNICAL FIELD

This mvention relates generally to spacecrait structural
testing, and, more particularly, to testing the bond strength
ol faceskins of honeycomb core panels.

BACKGROUND OF THE INVENTION

The assignee of the present invention manufactures and
deploys spacecrait for, inter alia, communications and
broadcast services from geostationary orbit. During launch,
such spacecraft are enclosed within a launch vehicle payload
fairing that experiences depressurization from an initial
pressure of nominally one atmosphere (approximately 14.7
PSIA) to a near vacuum condition within a time period of
about two minutes. To safely accommodate this pressure
change, the spacecraft design must include provisions for
sately venting of air from interior volumes of the spacecrafit
and spacecrait components nto the launch vehicle payload
fairing.

Large structural components of a spacecrait include
spacecralt equipment and solar array panels and structural
panels that may be 1n the range of 30 square feet surface
area, or greater. Referring to FIG. 1, an exploded 1sometric
view of an example structural panel 100 1s illustrated. Panel
100 includes a honeycomb core 110 sandwiched between
panel faceskins 120. The panel faceskins 120 may be formed
from aluminum or a carbon composite matenal, for
example, and have a cell wall thickness, typically, of less
than 0.01 inches. The panel faceskins 120 may be adhered
to a honeycomb core 110 by epoxy adhesive or other
adhesive bond, for example.

Referring now to views A-A and B-B of FIG. 1, each cell
in the honeycomb core 1s intended to be vented (by slitting
or perforating, for example) to permitted air to escape during
launch as the spacecrait leaves the earth’s surface and
experiences a depressurization Irom approximately one
atmosphere of pressure to the vacuum of space.

In practice, however, 1t has been found that some cells of
an as-fabricated honeycomb panel, which may typically
include several thousand cells, may exhibit manufacturing
defects as a result of which the defective cells fail to comply
with the design intent of providing safe venting means. Such
manufacturing flaws are diflicult to completely prevent and
may be difficult to detect by conventional inspection or
nondestructive test techniques. A consequence of such unde-
tected flaws can include explosive rupture of the panel, and
resulting damage to spacecrait functional systems.

The bond strength between panel faceskin and core may
vary from panel to panel and within a given flight panel. To
mitigate the risk of damage 1n the event that normal venting,
of the honeycomb core during launch ascent 1s not achieved,
it 1s desirable that the bond strength be suilicient to with-
stand a pressure diflerential of one atmosphere or more.
Bond strength between panel faceskin and core of a flight
panel 1s ordinarily estimated by way of destructively testing
coupon samples that are co-manufactured with the flight
panel. However, such coupon testing has been problematic
because coupon bond strength may not accurately correlate
with bond strength of the flight panel, particularly the
weakest point of the flight panel.
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2

As aresult, an improved approach to bond strength testing
of flight honeycomb core panels 1s desirable.

SUMMARY

The present disclosure contemplates improved techniques
for testing bond strength testing of flight honeycomb core
panels.

In an implementation, a method 1ncludes testing whether
a bond strength between a faceskin of a panel and a core of
the panel exceeds a threshold value. The testing includes:
adhering a first surface of a sacrificial layer to a pull stub of
a flatwise tensile (FWT) test apparatus by way of a first
adhesive interface, the sacrificial layer including a second
surface opposite to the first surface; adhering the second
surface of the sacrificial layer to the panel faceskin by way
of a second adhesive interface; operating the FWT test
apparatus so as to gradually increase a FWT load on the
faceskin; terminating the test upon the first to occur of either:
condition (1), separation of any one or more ol the first
adhesive interface, the second adhesive interface and the
sacrificial layer; or condition (11), separation of the faceskin
from the core; and determining that the bond strength
exceeds the threshold value when condition (1) 1s the first to
OCCUL.

In some implementations, the FW'T test apparatus may be
a pneumatic adhesion tensile testing instrument.

In some implementations, the sacrificial layer may a
double sided tape. The double-sided tape may have a modu-
lus of less than 500. The double-sided tape may have a
modulus of approximately 75.

In some implementations, the panel may be a spacecrait
solar array panel or equipment panel.

In some implementations, the faceskin may be aluminum
or carbon composite.

In some implementations, the pull stub may have a test
article interface area defined by a perimeter and the pull stub
may be configured to have a first stifiness proximate to the
perimeter and a second stiflness in a central region of the test
article interface area, the first stiflness being substantially
less than the second stiflness.

In some 1implementations, the pull stub may be configured
to have a first thickness proximate to the perimeter and a
second thickness 1 a central region of the test article
interface area, the first thickness being substantially less
than the second thickness.

In an implementation, an apparatus includes: a flatwise
tensile (FWT) test device, the FWT test device including a
pull stub and a sacrificial layer. A first surface of the
sacrificial layer 1s adhered to the pull stub by way of a first
adhesive 1nterface, and the FW'T test device 1s configured to
determine whether a bond strength between a faceskin of a
panel and a core of the panel exceeds a threshold value by:
adhering a second surface of the sacrificial layer to the
faceskin by way of a second adhesive interface, the second
surface being opposite to the first surface; operating the
FWT test apparatus so as to gradually increase a FW'T load
on the faceskin; and terminating the test upon the first to
occur of erther: condition (1), separation of any one or more
of the first adhesive interface, the second adhesive interface
and the sacrificial layer; or condition (11), separation of the
faceskin from the core; and determining that the bond
strength exceeds the threshold value when condition (1) 1s
the first to occur.
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BRIEF DESCRIPTION OF THE DRAWINGS

Features of the invention are more fully disclosed 1n the
following detailed description of the preferred embodi-
ments, reference being had to the accompanying drawings,
in which:

FIG. 1 illustrates an example of a spacecrait structural
component to which implementations of the invention may
be applied.

FIG. 2 illustrates an example of a pressure profile within
a launch vehicle payload fairing during launch vehicle
ascent.

FIG. 3 illustrates an example of a pneumatic flatwise
tensile test (FW'T) device.

FIG. 4 1llustrates an example implementation of a non-
destructive test technique according to some 1mplementa-
tions.

FIG. 5 illustrates an example of a FWT test device for
nondestructive testing according to some implementations.

FIG. 6 compares two examples of a pull stub of a FWT
test device.

FIG. 7 illustrates an example of a pull stub of an FWT
device according to an implementation.

Throughout the drawings, the same reference numerals
and characters, unless otherwise stated, are used to denote
like {features, elements, components, or portions of the
illustrated embodiments. Moreover, while the subject inven-
tion will now be described 1n detail with reference to the
drawings, the description 1s done 1n connection with the
illustrative embodiments. It 1s intended that changes and
modifications can be made to the described embodiments
without departing from the true scope and spirit of the
subject mvention as defined by the appended claims.

DETAILED DESCRIPTION

Specific examples of embodiments will now be described
with reference to the accompanying drawings. This inven-
tion may, however, be embodied 1n many different forms,
and should not be construed as limited to the embodiments
set forth herein. Rather, these embodiments are provided so
that this disclosure will be thorough and complete, and will
tully convey the scope of the invention to those skilled 1n the
art.

It will be understood that when an element 1s referred to
as being “connected” or “coupled” to another element, 1t can
be directly connected or coupled to the other element, or
intervening elements may be present. It will be understood
that although the terms “first” and “second” are used herein
to describe various elements, these elements should not be
limited by these terms. These terms are used only to distin-
guish one element from another element. As used herein, the
term “and/or” includes any and all combinations of one or
more of the associated listed 1tems. The symbol *“/” 1s also
used as a shorthand notation for “and/or”.

The presently disclosed techniques permit validation, by
nondestructive ground test, that the bond strength between
panel faceskin and honeycomb core of a flight panel meets
or exceeds a specified criterion. In some 1mplementations,
the criterion may be related to the internal pressure that may
develop within the panel as a result of launch vehicle assent
plus a factor of safety. Referring now to FIG. 2, an example
of a pressure profile within a launch vehicle payload fairing
during launch vehicle ascent 1s illustrated. In the 1llustrated
example, pressure within the payload fairing decreases from
one atmosphere to approximately a vacuum in approxi-
mately 130 seconds. In the event that normal venting of the
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honeycomb core during launch ascent 1s not achieved, the
pressure differential between the panel interior and exterior
may be as high as one atmosphere.

According to the presently disclosed techniques, compat-
ibility of faceskin bond strength with a pressure profile such
as the one 1illustrated i FIG. 2 1s demonstrated by a
nondestructive bond strength test. In some implementations,
a flatwise tensile (FW'T) test device 1s employed. A suitable
test apparatus may be adapted for nondestructive testing as
detailed below from a pneumatic adhesion tensile testing
instrument similar to the type available from, for example,
the SEMicro Division of ML.E. Taylor Engineering, Inc., of
Rockville Md.

It should be noted that, in the absence of the present
teachings, FWT test devices are employed for destructive
testing of various test articles. For example, as disclosed in
U.S. Pat. No. 4,491,014 to Seiler, Jr. (hereinafter, “Seiler”,
incorporated herein by reference in its entirety), and 1llus-
trated 1 FIG. 3, a pneumatic FW'T test device 300 may
destructively test the adhesive bond of a lamina 320 to a
substrate 312. A pull stub 323 1s bonded by way of an
adhesive 340 to the lamina 320. The pull stub may include
or be structurally secured to a threaded shank 325 which
may engage a threaded bore 1n piston 350. The lamina 320
may be a paint layer or similar thin coating applied to the
substrate 312. An ultimate strength of the bond between
lamina 320 and substrate 312 may be determined by increas-
ing a tensile load on the pull stub, until the bond breaks.
Typically, the tensile load 1s increased by increasing pneu-
matic pressure within chamber 316. By measuring the
pressure within chamber 316 at which the bond breaks, the
bond strength between lamina 320 and substrate 312 may be
determined. According to Seiler, the adhesive 340, typically
an epoxy glue, must provide a bond between pull stub 323
and lamina 320 that 1s stronger than the bond between the
lamina 320 and the substrate 312.

According to the presently disclosed techniques, testing to
verily that a bond strength between a panel faceskin and a
core exceeds a minimum acceptable FW'T strength (the
“threshold value) may be accomplished using an FW'T test
apparatus 1n the manner illustrated in FIG. 4. A method 400
may start, at block 410 by adhering a first surface of a
sacrificial layer to a pull stub of the FWT test device. The
sacrificial layer may be a double-sided tape, for example. In
some 1mplementations the double-sided tape may be a foam
adhesive tape that fails under a transverse tensile load of less
than 40 PSI. The double-sided tape may be configured to be
removable from the faceskin (by peeling, for example)
without damaging the faceskin. In some 1implementations,
the adhesion strength of at least one side of the double-sided
tape may be selected such that 1t 1s greater than a first
specified value and less than a second specified value. The
first specified value may be related to the threshold value for
FWT strength of the bond between the faceskin and the core.
The second specified value may be related to the maximal
FWT load that the faceskin may be expected to sustain
without damage. In some implementations, margin factors
may be applied to one or both of the minimum acceptable
FWT strength and the maximal FW'T load that the faceskin
may be expected to sustain without damage. In an embodi-
ment, for example, the sacrificial layer has been designed to
reliably survive an FWT load of no less than 25 PSI and to
reliably break at an FW'T load of no greater than 50 PSI.

Block 410, 1n some implementations may include, refer-
ring now to FIG. 5, adhering a first surface 541 of double
back foam adhesive 540 to a pull stub 523 of a FWT test

device 500 by way of a first adhesive interface between the
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first surface 541 and the pull stub 523. The FW'T test device
500 may include the pneumatic adhesion tensile testing
istrument test apparatus referenced above.

Referring again to FIG. 4, method 400 may continue, at
block 420, by adhering a second surface of the sacrificial
layer, to the panel faceskin.

Block 420, 1n some implementations may include, refer-
ring again to FIG. 5, adhering a second surface 542 of the
sacrificial layer 540 to a faceskin 520(1) of an equipment
panel by way of a second adhesive interface between the
second surface 542 and the faceskin 520(1). In the illustrated
implementation, the equipment panel includes honeycomb
core 510 sandwiched between the first faceskin 520(1) and
a second faceskin 520(2).

Referring again to FIG. 4, method 400 may continue, at
block 430, by gradually increasing a FW'T load on the panel
faceskin.

Block 430, 1n some implementations may include, refer-
ring again to FIG. 5, gradually increasing the FW'T load by
pressurizing piston arrangement 350. In the illustrated
implementation piston arrangement 530 includes an upper
plate 551, lower plate 552 and gasket 555. Gasket 555,
which may be composed of silicon or similar elastomeric
material, 1s disposed between upper plate 551 and lower
plate 552 so as to form a sealed plenum into which pres-
surizing fluid may be introduced by way of mput 553. The
pressurizing fluid may be a gas or hydraulic fluid, for
example. The pressurizing fluid may be supplied to 1nlet 551
such that pressure 1s gradually increased within the sealed
plenum, as a result of which a gradually increasing lifting
force 1s exerted against upper plate 551. The lifting force 1s
transierred by way of shank 525 to pull stub 523 which in
turn 1mparts a tensile load across sacrificial layer 540.

Referring again to FIG. 4, at block 440, a determination
may be made as to whether or not a separation of any one
or more of the first adhesive interface, the second adhesive
interface, and the sacrificial layer has occurred. The deter-
mination at block 440 may be made frequently or 1mn a
substantially continuous manner. If the determination at
block 440 1s that a separation has not occurred then the
method returns to block 430. On the other hand, if the
determination at block 440 1s that a separation has occurred
that the method may proceed to block 450, as described
hereinbelow.

At block 450, a determination may be made as to whether
or not separation of the faceskin from the core has occurred.
The determination may be made on the basis of a visual
ispection of the panel and/or of the sacrificial layer, for
example. I the determination at block 450 1s that separation
of the faceskin from the core has occurred, 1t may be
determined at block 470 that the faceskin and the core bond
strength does not exceed the threshold value. On the other
hand, 11 the determination at block 450 1s that separation of
the faceskin from the core has not occurred, it may be
determined at block 460 at the faceskin and the core bond
strength exceeds the threshold value.

In accordance with the presently disclosed techniques,
and referring again to FIG. 5, an FWT test procedure may be
terminated upon separation of the faceskin 520(1) from the
honeycomb core 510, or separation of the sacrificial layer
540, whichever comes first. It will be understood that
separation of sacrificial layer 540 may occur by way of
cither a break in the first adhesive interface between the
sacrificial layer 5340 and the pull stub 523, or a break 1n the
second adhesive iterface between sacrificial layer 540 and
the faceskin 520(1), or by way of failure of the sacrificial
layer 540 itself. For example, where the sacrificial layer 540,
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1s a double back foam tape adhesive, a strength of each of
the first adhesive interface and the second adhesive interface
may be greater than the strength of the foam tape material.

By judicious selection of the characteristics of the sacri-
ficial layer 540, the FW'T test device 500 may be configured
such that separation of sacrificial layer 540 occurs only at a
tensile load that 1s (1) greater than the minimum acceptable
FWT strength of the bond between the faceskin and the core
and (11) less than the maximal FW'T load that the faces skin
may be expected to sustain without damage.

It 1s desirable to provide approximately uniform stress
distribution across the surface area within which the pull
stub 1nterfaces with the faceskin (test article interface area).
In some 1mplementations, this may be accomplished by
configuring the pull stub with a tapered thickness, wherein
the thickness and stifiness of the pull stub near a perimeter
of the 1nterface area 1s substantially smaller than in a central
region. An example implementation is illustrated 1n FIGS. 6
and 7. FIG. 6 compares a conventional pull stub 523 with a
tapered pull stub 623. FIG. 7 illustrates a specific imple-
mentation of a tapered pull stub where a first thickness t,,
proximate to the perimeter of the interface area, 1s substan-
tially less like than a second thickness t, near the central
region.

More uniform stress distribution may also be provided by
selection of adhesive layer having relatively low modulus.
For example a modulus of less than 500 PSI 1s within the
contemplation of the present disclosure. Advantageously,
the modulus may be approximately 75 PSI.

Thus, improved techniques for testing a spacecrait com-
ponent for compatibility with a depressurization profile
associated with a launch vehicle ascent have been disclosed.
It will be appreciated that the presently disclosed techniques
may be implemented as part of nondestructive acceptance
test program executed on flight hardware. As a result, a need
to perform coupon testing of co-manufactured non-tlight
coupons may be avoided. Moreover, a risk that such co-
manufactured coupons may not accurately correlate with
bond strength of the flight panel 1s avoided.

The foregoing merely illustrates principles of the mven-
tion. It will thus be appreciated that those skilled 1n the art
will be able to devise numerous systems and methods which,
although not explicitly shown or described herein, embody
said principles of the invention and are thus within the spirit
and scope of the mvention as defined by the following
claims.

What 1s claimed 1s:

1. A method comprising:

testing whether a bond strength between a faceskin of a
panel and a core of the panel exceeds a threshold value,
the testing including:

adhering a first surface of a sacrificial layer to a pull stub
of a flatwise tensile (FW'T) test apparatus by way of a
first adhesive interface, the sacrificial layer including a
second surface opposite to the first surface;

adhering the second surtace of the sacrificial layer to the
panel faceskin by way of a second adhesive intertace;

operating the FWT test apparatus so as to gradually
increase a FWT load on the faceskin;

terminating the test upon the first to occur of either:
condition (1), separation ol any one or more of the first
adhesive interface, the second adhesive interface and
the sacrificial layer; or condition (11), separation of the
faceskin from the core; and

determining that the bond strength exceeds the threshold
value when condition (1) 1s the first to occur, wherein
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the bond strength 1s expected to exceed a specified
maximal FWT load; and

the sacrificial layer 1s configured such that condition (1)

occurs only at a tensile load that 1s greater than the
threshold value and less than the maximal FW'T load.

2. The method of claim 1, wherein the FW'T test apparatus
1s a pneumatic adhesion tensile testing instrument.

3. The method of claim 1, wherein the sacrificial layer 1s
a double sided tape.

4. The method of claim 3, wherein the double-sided tape
has a modulus of less than 500.

5. The method of claim 3, wherein the double-sided tape
has a modulus of approximately 75.

6. The method of claim 1, wherein the panel 1s a space-
craft solar array panel or equipment panel.

7. The method of claim 1, wherein the faceskin i1s alumi-
num or carbon composite.

8. The method of claim 1, wherein the pull stub has a test
article interface area defined by a perimeter and the pull stub
1s configured to have a first stiflness proximate to the
perimeter and a second stifiness 1n a central region of the test
article interface area, the first stiflness being substantially
less than the second stifiness.

9. The method of claim 1, wherein the pull stub 1s
configured to have a first thickness proximate to the perim-
cter and a second thickness in a central region of the test
article interface area, the first thickness being substantially
less than the second thickness.

10. An apparatus comprising:

a flatwise tensile (FW'T) test device, the FWT test device

including a pull stub and a sacrificial layer wherein:

the FWT test device 1s configured to determine whether a

bond strength between a faceskin of a panel and a core
of the panel exceeds a threshold value; a first surface of
the sacrificial layer 1s adhered to the pull stub by way
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of a first adhesive interface and a second surface of the
sacrificial layer 1s adhered to the faceskin of the panel
by way of a second adhesive interface;

the bond strength 1s expected to exceed a specified

maximal FW'T load; and
the sacrificial layer 1s configured such that separation of
any one or more of the first adhesive interface, the
second adhesive interface and the sacrificial layer
occurs only at a tensile load that 1s (1) greater than the
threshold value and (11) less than the specified maximal
FWT load.
11. The apparatus of claim 10, wherein the FWT test
apparatus 1s a pneumatic adhesion tensile testing instrument.
12. The apparatus of claim 10, wherein the sacrificial
layer 1s a double sided tape.
13. The apparatus of claim 12, wherein the double-sided
tape has a modulus of less than 500.
14. The apparatus of claim 12, wherein the double-sided
tape has a modulus of approximately 73.
15. The apparatus of claim 10, wherein the panel 1s a
spacecrait solar array panel or equipment panel.
16. The apparatus of claim 10, wherein the faceskin 1s
aluminum or carbon composite.
17. The apparatus of claim 10, wherein the pull stub has
a test article interface area defined by a perimeter and the
pull stub 1s configured to have a first stiflness proximate to
the perimeter and a second stiflness 1n a central region of the
test article interface area, the first stiflness being substan-
tially less than the second stiflness.
18. The apparatus of claim 10, wherein the pull stub 1s
configured to have a first thickness proximate to the perim-
eter and a second thickness in a central region of the test

article iterface area, the first thickness being substantially
less than the second thickness.
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